The effects of anesthesia and operation on the circulation and metabolic rate of man have not been accurately determined. A few studies of cardiac output and oxygen consumption have been reported in relation to surgical procedures, but the evidence is incomplete and inconclusive. Polano (1), using Broemser's method (2), has interpreted his data as indicating an increase in cardiac output in the immediate postoperative period. Rehn (3), with the same technic, has described a decrease in cardiac output postoperatively in those patients who show signs of shock and collapse. Broemser's method has been criticized on theoretical grounds (4). Altschule and Volk (5), using the ethyl iodide method, have described the changes in cardiac output and oxygen consumption which accompany total thyroidectomy, but they present no data for the immediate postoperative period. Blalock and his coworkers have found that trauma and hemorrhage (acute experiments) depress the cardiac output of dogs (6) ; that etherization produces an increase in cardiac output and a slight decrease in oxygen consumption; and that under very deep anesthesia the cardiac output returns to normal or is decreased (7).
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To determine more definitely the cardiac output and oxygen consumption of human subjects in relation to general surgical procedures, studies have been undertaken on hospital patients before operation, during recovery from anesthesia, and at suitable intervals thereafter. TECHNICAL 
DETAILS
Cardiac output. The ethyl iodide method (8) as modified to permit rapid determinations in unconscious patients was used (9) . Before this adaptation could be applied to the study of patients anesthetized with ether, it was necessary to 'Aided by grants from the Josiah Macy, Jr. Founda- tion and the William F. Milton Fund. 2 Research Fellow in Surgery. determine whether ether vapor affects the accuracy of the chemical determination of ethyl iodide vapor in air samples, or the solubility of ethyl iodide in blood.
A. Ethyl iodide analysis in presence of ether vapor The effect of ether vapor on the analysis of ethyl iodide by Cool's method (10) was determined by the following experiments.
A solution of ethyl iodide was prepared by breaking an ampule containing a known weight of redistilled ethyl iodide under the surface of the solute in a partly filled, calibrated liter flask. Fifty per cent ethyl alcohol was found to dissolve the ethyl iodide more rapidly than water and did not affect the results. This solution was pipetted directly into bromine water to compare the accuracy of this method for determining ethyl iodide with Cool's data. Differences between amounts of ethyl iodide expected and amounts obtained were 0.7, 0.1, and 0.1 per cent of the amount present. Double-ended glass sampling tubes, 500 cc. capacity, were charged with ether vapor, 6 to 8 volumes per cent. The solution of ethyl iodide was pipetted into these tubes which were subjected to Cool's procedure. The discrepancy between amounts expected and obtained was 0.6 and 0.4 per cent in two experiments. These differences are of the same order of magnitude as those described by Cool. Additional experiments conducted with titration bottles (see (9) , Section II) and known concentrations of ethyl iodide vapor in the presence of ether gave similar results. Ether vapor was therefore considered to have no appreciable effect on the analysis of small amounts of ethyl iodide by the iodate method. (The presence of ether vapor causes a return of the blue color a few minutes after a titration has been completed, so that uniformity of procedure in titrating samples is essential after potassium iodide has been added.) 571 B. Distribution coefficient There is no reason to expect ether to change the solubility of ethyl iodide in blood. Nevertheless, it was considered advisable to determine the distribution coefficient for the blood of etherized patients since the physiological adjustments which accompany anesthesia and hemorrhage might have a significant effect. Preliminary experiments suggested that it was impossible to estimate distribution coefficients on etherized, preserved blood. Pressure of work prevented making this estimation immediately in the postoperative period on the patients subjected to the other studies. Therefore, blood samples from etherized patients not in the study group were analyzed in duplicate as soon as possible after being taken. The following method was used.
A small room kept at 36 to 380 C. was equipped with a Van Slyke apparatus, the chamber of which was used as a tonometer. Five cubic centimeters of blood were admitted to the dry chamber followed by 45 cc. of gas prepared by adding ethyl iodide to the patient's expired air collected in an anesthesia bag at the time of the venipuncture. The Slyke-Neill technic was employed for routine blood gas analysis (12) . For etherized blood, Shaw and Downing's method was used (13) .
(In some instances the Hempel pipette was replaced with a capillary U-tube blown to the side arm of the Van Slyke chamber.) Blood was collected in an oiled syringe, stored over mercury with dry heparin as anticoagulen't, and analyzed in duplicate except as noted in the Appendix to Table I at the end of the paper. Arterial oxygen saturation. If the arterial oxygen saturation of a patient is reduced during the period of recovery from anesthesia, the ethyl iodide technic cannot be applied for the study of cardiac output unless it is shown that equilibrium as regards ethyl iodide exists between simultaneous samples of alveolar air and arterial blood. Data secured during recovery from anesthesia on the patient (Case 2) whose arterial oxygen saturation was below 91 per cent are indicated in the table but are not employed in the comparison of results of cardiac output. Data for two patients are included although no estimations of arterial oxygen saturation were done, since normal values were obtained for every patient on whose blood duplicate determinations were available.
Oxygen consumption was determined by the analysis of expired air drawn from a mixing bottle (14, p. 562); for samples containing ether vapor, a sulphuric acid absorber was used (15) .
Blood loss at operation was estimated by a modification of Gatch and Little's method (16) .
CLINICAL DETAILS
The patients were selected from the general surgical wards. They had no cardiovascular dis-ease and, with one exception (Case 2), presented no abnormality other than the local lesion. There were 4 patients operated upon for carcinoma of the breast; 1 for tumor of the pancreas; 2 patients had perineorrhaphy, suspension of the uterus and appendectomy; 1 had only perineorrhaphy; 2 had gastroenterostomy. Of these patients, one was anemic and required a preoperative transfusion (Case 2); two were considered to be emotionally unstable to a degree distinctly exceeding the normal (Cases 7 and 8); and one patient (Case 6), not studied preoperatively, went into shock during operation for which he received two transfusions. Postoperative studies were made before and after a third transfusion, although at the time of the determinations the signs of shock were absent.
Studies of cardiac output and oxygen consumption under basal conditions were made on one or more occasions before operation. Routine preoperative medication was employed; the dosage and time of administration are described in the Appendix to Table I . All patients had gas-oxygen-ether anesthesia except Case 5, who was operated upon under local anesthesia only. Postoperative studies were made as soon as possible after the dressing had been applied to the wound. The etherized patients were unconscious at the tinme of the determinations which were conducted with one or two variations from the procedures described in (9) . An assistant was delegated to keep the lips of the patient firmly shut around the rubber mouthpiece throughout the tests. In some instances a metal airway passing back of the patient's tongue was fitted directly to the mouthpiece. The R period (see (9) , Section I-C) was altered. Instead of a liter of air, the R bag contained only slightly more than the tidal volume of the patient, so that the bag would be emptied with each breath. The R period was terminated by having an assistant abruptly exert firm pressure on the sides of the patient's thorax during an expiration in order to push as much air as possible into the bag. Subsequent studies were undertaken the morning following operation, again in 3 and 4 days, and at discharge, unless complications intervened. Postoperative medication in relation to the studies is cited in the Appendix to Table I . An oral temperature of 1010 F. or higher, local wound infection, or evidence of infection elsewhere, served in all instances to interrupt or to terminate the observations. Intravenous fluids, as required by routine postoperative care, were administered after the studies of cardiac output and oxygen consumption of the period of recovery from anesthesia had been completed. Three patients (Cases 8, 9, and 10) were given constant intravenous fluids for several days postoperatively for the purpose of another study. In no instances were estimations performed when they might conflict with the patient's well-being.
Blood gases were determined at the times noted in the table and appendix. Blood pressure was taken either during or immediately after the determinations of cardiac output. The capillary red cell count or the venous oxygen capacity of each patient was determined once preoperatively and on the occasion of most estimations of postoperative cardiac output for use in obtaining the distribution coefficient from the data of Cool, Gamble, and Starr (11) . Plasma volume studies were conducted on several of the cases immediately before and after operation by Dr. J. D. Stewart. His data appear in another communication (17) .
RESULTS
The diagnoses, and the results of determinations of cardiac output, oxygen consumption, blood pressure, pulse, respirations, temperature, body weight, and venous oxygen capacity (or red count), are presented in Table I . Other pertinent clinilcal data together with the time and duration of operation, the medication and fluids administered, are contained in the Appendix at the end of the paper. Figure 1 is a graph showing per cent change in cardiac output plotted against time for the nine patients who had ether anesthesia. The average of the preoperative data for each patient is used to compute the per cent changes, with two exceptions: (a) One patient (Case 8) who had duplicate determinations, on the morning of operation, was apprehensive and the average of the determinations was unduly high. This value was not employed to calculate per cent change. Instead, the basal level which the cardiac output reached in the determinations most remote from the operation was employed. (The cardiac output regularly returned to normal within a few days post- sists in some instances the following day. The three patients (Cases 8, 9, and 10) who received large volumes of intravenous fluid beginning immediately after the conclusion of the first studies of postoperative cardiac output, exhibited a return of cardiac output to a normal level on the morning following operation, a level which was maintained during the succeeding studies. The patient (Case 5) who had local anesthesia furnished the only instance of an elevated cardiac output immediately following operation. The patient (Case 6) who had been in shock during the operation showed after recovery from shock no greater depression of output than the other cases (at the time measurements were made the patient had received two transfusions and was no longer in shock); after the third transfusion his cardiac output was normal for a man of his height and weight. The patients (Cases 7 and 8) who were unduly apprehensive preoperatively showed no appreciable differences from the other patients in the postoperative period. lar; large fluctuations in pulse rate and blood pressure occurred, and the respiratory minute volume varied more than it would have done had the inspired air been charged with 2 or 3 per cent of carbon dioxide. Five determinations of cardiac output were made at 10-minute intervals during etherization; the anesthesia was discontinued; and 2 more estimations were made as the subject recovered from the etherization. Studies were made again the following morning. Blood samples totalling approximately 140 cc. were withdrawn for the purposes of plasma volume studies and blood gas analysis.
The average of the 5 determinations of cardiac output obtained under ether is 10 per cent greater than the average for pre-and postetherization periods. The latter agree closely. There was no depression of cardiac output in this subject as he recovered from anesthesia. The difference in depth of anesthesia between this subject and the patients who were operated upon may explain the difference in the data obtained, but the experiment was so unsatisfactory in a technical sense that no conclusions may be drawn.
The oxygen consumption data (Table I) do not exhibit any consistent change.
The average decrease of arterial blood pressure in the period of recovery from etherization was 31 mm. Hg systolic an'd 11 mm. diastolic (Case 11 not included).
DISCUSSION
The results of such studies of cardiac output as these may be interpreted in the manner described by Starr et al. (18, pp. 800 to 802). For the computation of a testing standard deviation, 24 pairs of duplicate estimations made on 9 subjects were available in the present study (see Table I and (9) (9) . Finally, the small size of the series may affect the results. When the value, 7.9 per cent, is applied to the average decrease in cardiac output during the period of recovery from anesthesia, in the manner described by Starr et al., the probability that the difference observed is due to chance is insignificant. The morphine administered preoperatively may contribute somewhat to the depression of cardiac output, but it certainly is only a minor factor in the period of recovery from anesthesia (18) .
The changes in oxygen consumption in the period of recovery from ether anesthesia do not parallel the consistent decrease which is found in the cardiac output. The calculated arteriovenous oxygen difference, however, shows a definite and regular increase. It is not possible to estimate from these limited data the relative importance of drugs, etherization, blood loss, and operative trauma, or of changes in oxygen consumption in producing the decrease in cardiac output observed. It is clear, however, that these factors, and probably others also, acting together do depress the circulation in man by a significant amount.
SUMMARY AND CONCLUSIONS
Data are presented which show the cardiac output and oxygen consumption of nine patients studied before and after surgical operations, performed under ether anesthesia, by a modification of Starr and Gamble's ethyl iodide technilc (Table  I and Figure 1) .
The average cardiac output in the period of recovery from etherization was decreased by 41 per cent of the preoperative level. Return to normal required 1 to 4 days (Figure 1) .
The patient receiving only local anesthesia had an elevation of cardiac output immediately after the operation (Table I) .
Changes in oxygen consumption were occasionally large, but not consistent (Table I) .
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